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Abs·tract 
The edematous effects of P.M.M.A. contact lenses were 
compared with that produced by lenses made from Cellulose 
acetate butyrate (C.A.B .), a gas permeable material. 
Thirteen subjects were carefully selected who showed 
no contra-indications to contact leris wear other than the 
presence of corneal edema wh~le wearing P.M.M.A. lenses. 
These subjects were observed while wearing both P.M.M.A. 
and C.A.B. (Meso) lenses. Pachometry was used to monitor 
changes in corneal thickness. 
Increased corneal thickness and visible edema were 
noted with P.M.M.A. lenses. C.A.B. lenses showed signifi-
cantly less increase in corneal thickness and in most cases 
edema was reduced or completely eliminated for the duration 
of the study. 
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Introduction 
Many contact lens wearers and prospective wearers 
present unacceptable levels of corneal edema when fit with 
conventional P.M.M.A. lenses . These individuals could be 
labeled as "edema prone" contact lens wearers or candidates. 
Smelser1 was the first to show that corneal edema caused by 
contact lens wear could be due to oxygen deprivation. Norm-· 
ally the cornea of an open eye obtains most of its atmospheric 
oxygen requirements for metabolism by way of the tears. 
Oxygen tension at the corneal surface is normally 155mmHg. 
Polse and Mandell2 showed that oxygen tension as low as 11.4 
to 19.0mmHg was sufficient to prevent corneal edema and 
tha t patients vary in their need from about 1.5% to 2.5% 
oxygen. 
Oxygen in the tears can be supplied to the cornea of 
a contact lens wearer by pumping and/or by diffusion through 
the lens. Pumping produces tear exchange behind the lens 
during the blink as the lens rocks. Pumping is the only 
method available for oxygen exchange when the contact lens 
:f.s not gas permeable, which is the case with P.M.M.A. lenses. 3' 4 
The use of a hard lens material which is gas permeable 
means that oxygen is available to the cornea both by pumping 
and by diffusion, assuming a proper lens-cornea relationship . 
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In recent years, the development of a contact lens made 
of gas penteable cellulose acetate butyrate (C.A.B.) has helped 
5 facilitate more normal corneal tissue metabolism. Gases 
transmitted by C.A.B. include oxygen, carbon dioxide and 
nitrogen. The efficacy of C.A.B. as an oxygen permeable contact 
lens has not been definitely established. Various reports 
using different methods of measurement all show C.A.B. to be 
significantly more permeable to oxygen than P.M.M.A. Hill6 
established that C.A.B. lenses .15mm thick or less acheive an 
equivalent oxygen performance level of 1.5 to 2.0%, which is 
the minimum necessary to prevent the occurence of pE.chometri-
2 4 
cally detectable corneal edema. Mandell showed C.A.B. to 
5 tran.sr,,it about 1.5% oxygen . Stahl, Reich, and Ivani found 
o:~ygen permeability to be approximately 15.76 ul/cm/hr for 
a lens thickness of .15mm. This transmission rate is five 
times greater than in vivo oxygen consumption of the human 
7 
corneal epithelium according to Jauregui, Michael, and Fatt. 
8 Stranch reports oxygen transmission of 3.78% for C.A.B. at 
the minimum center thickness of .05mm. Feldman9 stated that 
compared to a soft contact lens material, C.A.B. is 40 times 
more permeable to oxygen and 320 times more permeable to 
carbon dioxide. C.A.B. also has 25% greater thermal con-
ductivity, which permits better dissipation of heat from 
corneal metabolism. Feldman also found the surface tension 
of C.A.B. to be 38% lower than P.M.M.A. and the wetting 
angle to be 18.5° less, which allows betterwetting. Stahl, 
5 . 
Reich, and Ivani found C.A.B. material to be 30% more 
wettable than P.M.M.A. 
Based only on oxygen permeability, it appears that C.A.B. 
lenses may be suspect in their ability to satisfy corneal 
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demand for oxygen. However, the combination of a sufficient 
lens pump, increased wettability, and the increase in permea-
bility ailowed by C.A.B. may provide for reduced corneal edema . 
Increased thermal conductivity may also enhance corneal 
metabolism. The C.A.B. contact lenses have been. successfully 
prescribed without reports of corneal edema as a major problem~O,ll,l2 ,l 3 ,l4 
In addition, C.A.B. lenses have been worn successfully in a 
15 
continuous lens wear program for aphakes. The purpose of 
this study is to examine levels of corneal edema with P.M.M.A . 
and C.A.B. contact lenses. More specifically, an attempt was 
made to answer the question: Can the Meso (cabufocon) C.A.B. 
contact le.ns reduce or eliminate corneal edema in the "edema 
prone" patient? 
Methods 
The subjects of this study were 13 patients (26 eyes), 
selected from the optometric clinics of Pacific University. 
Subjects were selected who presented visible levels of corneal 
edema with the best fitting P.M.M.A. lenses in place. 
Visible edema ranged from grade 1 to grade 3, seen in time 
periods ranging from 4 to 10 hours wear. Adequacy 
of the P.M.M.A. lens fit was determined by the experimenters, 
using standard criteria such as centering, movement, floures-
cein patterns, absence of epithelial abrasions, acuity with 
over refraction, etc. Ten of the subjects were either long 
term contact lens wearers or patients who had discontinued. 
contact lens wear because of edema. The remaining three 
subjects were patients on whom an attempt had been made to 
fit P.M.M.A. lenses but without success because of corneal 
edema. The subjects ranged in age from 14 years to 26 years. 
They had spherical refractive errors ranging from -l.SOD. 
to -6.50D, refractive astigmatism of -2.25D. or less, and 
corneal toricity of 2.50D or less. None of the subjects 
showed any apparent ocular pathology. 
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The first stage of the study was to establish the accept-
ability of the P.M.M.A. lens fit and determine the level of 
corneal edema while wearing those lenses. P.M.M. A. lens fit 
was evaluated by biomicroscopic examination of the cornea, 
observation of lens position and movement, flourescein eval-
uation, visual acuity with over refraction, and keratometry 
readings. 
Level of corneal edema was judged both visually and 
pachometrically. Edema assessments were made before lens 
wear as a baseline, and then hour by hour for the next three 
hours of lens wear. Although the lenses had to be removed 
for pachometry, every effort was made to keep the time that 
the l enses were off the eye to a minimum. 
Visible edema was observed utilizing sclerotic scat ter 
and graded numerically on a scale of 0 to 4. In some instances 
photographs were also made of the visible edema. 
Pachometry measurements were made immediately after lens 
removal in the following sequence: right eye central, left 
eye central, left eye periphery, right eye periphery. The 
pachometer used in this study was an Electronic Digital 
Pachometer, marketed by Diagnostic Concepts. It is a modified 
pachometer equipped with an automatic recording computer. A 
printout showing mean, range, and standard devia t ion of each 
group of measurements is available. It is also equipped 
with a series of fixation lights along the horizontal axis 
so that consistent central and peripheral measurements can 
be made. 
The second stage of the study was to determine a C.A.B . 
lens prescription for each subject. The C.A.B. lens used in 
this study was the Meso lens marketed by Danker Laboratories 
of Tempe, Arizona. The Meso prescription was arrived at using 
a diagnostic set provided by Danker Laboratories utilizing 
the same fitting criteria as was used for evaluation of the 
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P.M.M.A. lens fit. A lens-cornea relationship of slight 
apical clearance with no marked seal-off areas was desired. 
These lenses were ordered for each subject. 
The final stage of the study was to dispense the Meso 
lenses to the subjects, evaluate the fit, and determi11e levels 
of edema in exactly the same manner as was done with the 
P.M.M .A . l enses. 
No systematic attempt was made to judge the long term 
performance of the lenses, although this would certainly be 
interesting information. Rather, this study dealt primarily 
with the edema and resultant changes in corneal thickness 
, 
that occurred with the two different types of lenses within 
the time period under consideration. 
Results 
Changes in the mean corneal thickness of all subjects 
while wearing P.M.M.A. lenses are shown in table 1. The table 
shows the average corneal thickness, standard deviation, and 
range measured at three different locations on the cornea over 
a period of three hours. The increase in central and temporal 
corneal thickness proved to be a very significant amount 
(student's t-test, N=26, t<.005). The mean nasal corneal 
measurement showed no statistically significant increase over 
the three hour period (student's t-test, N=26, t>O.l). Table 
2 shows the same information about corneal thickness, but 
with the subjects wearing C.A.B. lenses. In this case the 
average central cornea showed a less significant but still 
detectable, increase in thickness (student 's t-test, N=26, 
t>.05). The temporal and nasal thicknesses showed no sign-
ificant increase (student's t-test, N=26jt>O.l). In both cases, 
with P.M.M.A. and C.A.B. lens wear, the nasal cornea was 
thicker and showed less change than either central or temporal 
cornea. 
The rate of increase for mean corneal thicknesses with 
P.M.M.A. and C.A.B. lens wear is shown in figures 1 and 2~ 
respectively. The difference between the two is apparent 
except for the nasal measurements. 
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,I' 
A graphical representatio·n of the per·c.entage change ln 
individual con--.e~!.l thicknesses with P.M.li.A. lens wear is pre-
sented in figure 3. This composite shows the general upward 
trend in central thickness that would be expected in a gr<mp 
of subjects showing corneal edema problems while wearing 
P .H.M.A. lenses. Figure 4 shows the same type of graph f ,n 
C .A.B. lens wear. The difference in slope between the t:w·> 
graphs is opvious. The mean perce11tage increase in central 
corneal thickness was 7.52% for P.M~M.A. lens wear~ and 1.66% 
for C.A.B. lens wear (bottom of table 3). Figure 5 compues 
the hourly percentage change in mean central,temporal, a:1d 
nasal corneal thickness for both P.M.M.A . and C.A.B. lens 
wear. 
Individual percentage changes for both P .M.M.A. and · ~.A.B. 
l ens wear are shown in table 3. There are a few individual 
variations but in most cases any individual change was gr·~ater 
with P.M.M.A. lenses than with C.A .B. lenses. In any cas~, 
the difference between the individual P.M.M.A. and C.A.B. per-
centage changes was shown to be statistically significant 
for central and temporal measurements (student's t-test, :.~=26, 
t<.005). Once aga.in, the nasally measured percentages showed 
no significant difference between P.M.M.A. and C.A.B. lens 
wear (student"~s t-test, N=26, e>O.l). 
Visible edema from grade .5 to grade 1.5 was evident in 
all o f the subjects during P.M.M.A. lens wear. Visible eiema 
was not present in twelve of the thirtee~ subjects ,while 
wearing C.A.B. lenses.. One subject showed trace amounts )f 
vi.sible edema in each eye. Subjects who t.rere experiencing 
spectacle blur with P .M.M.A. lens wear reported a reducti:>n 
or elimination of this problem. 
Discussion 
Clinical and statistiC::ally significant differences b.:-
tween levels of edema with P.M.M.A. and C.A.B. contact lens 
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wear were found. The results support and enhance existing 
knowledge in t his area. That C.A.B. contact lenses induct! 
' 
much less corneal edema than . do P .M.M.A. l enses is a big plus 
in favor ·of this type of lens. Corneal edema has long betm 
recognized as a serious problem in contact lens fitting. 4 
The long term effects on corneal health and the short tern 
optical effects, (such as partial loss of corneal transpa1~ency 
and spectacle blur25), make it an important consideration .. 
The cornea will be less severely compromised by OX"Jgen de· · 
privation, and the probability of abrasion from physiolog:.cal 
i - "11 d" . i h 24 0 h 1 ff f h i nsult w~ ~m~n s • t er ong term e ects o p ys o-
logical comprorrdse of the cornea would include edematous 
21 26 
corneal for~ation, decreased corneal sensitivity and 
corneal curvature changes. 27 
Although it is not the purpose of this paper to report 
on subjective impressions of the lens, it would be helpfu}. 
to point out a few limitations. The C.A.B. lenses that w~re 
used for the study are of a design that makes up the Meso 
standard lens inventory. As most practitioners would agree, 
we feel that no single lens design can be acceptable for 
all patients. At the time of t his writing , the rate of lc;i'lg 
term success cannot be reported. All of the problems and 
variables in contact lens fitting do not magically disappe:ar 
with the change to a new lense material. We can say however, 
that this group of patients who all shared one common pror·lem, 
showed a reduction or elimination of that problem in every 
case. Some of the patients will most likely be successful 
C.A.B. wearers where they were not successful P.M.M.A. ler..s 
wearers. This fact alo11e makes the C.A.B. lens· a viable 
alternative and one that should be considered for certain 
patients. It is still up to the practitioner to design ar.d 
choose a lens to fit the individual patient's needs. 
One major problem encountered with C.A.B. material was 
its wettability. When using the F .D.A. approved soft lem; 
solution regimen, many lenses would not •.vet 
-8-· 
properly. Comfort and visual acuitywere directly comproudsed. 
The simple switch to hard lens cleaners solved the wetting 
problem, ·and in all cases comfort and acuity were also im--. 
proved. 
Some modification of the experimental procedure shoul d 
be considered. The intermediate time measurements might he 
done away with to prevent the cornea from making a partial 
recovery from its oxygen deprived state when the lenses nre 
removed for pachometry. This method would allow higher v.~sible 
levels of edema to de~.relop, and open up the possibility oi: 
drawing correlations between visible and pachometrically neas-· 
ured levels of edema. Other obvious correlations could a2.so 
be made . Also, it should be pointed out that data on the 
peripheral cornea showed a higher level of variability th<tn 
did the central corneal data, and we regard the central 
measurements to be more important for our purposes. 
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I 
CORNEAL THICKNESS WITH PMMA LENS WEAR 
CENTRA'f: CORNEA 
Baseline 
Hour 1 
Hour 2 
Hour 3 
I 
Overall thickness 
! change . 
t-test baseline to 
, hour 3 
NASAL CORNEA 
Baseline 
Hour 1 
Hour 2 
Hour 3 
OVerall thickness 
change 
t-test baseline to 
hour 3 
TEMPORAL CORNEA 
Baseline 
Hour 1 
Hour 2 
Hour 3 
OVerall thickness 
change 
t-test baseline to 
hour 3 
. 
I 
Mean S.D. 
I 
o5l28 I .0464 
.5314 .0468 
.5451 .0442 
.5514 .0468 I 
7s52% 
. . 
significant tc:~005 
-
~5583 .0501 
.5616 .0574 
.5711 .0557 
.5664 .0465 
1.45% 
not significant t>O.l 
I 
I 
.5197 ,.0437 
I 
.5350 .0456 
.5554 .0483 
.5540 .0430 
··· .. 
6.58% 
significant t<.005 
'lABLE I 
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Rtmge 
.4463 to .5984 
.4492 to .6141 
.4546 to .6065 
.4629 to .6269 
;.4541 to .6248 
.4426 to .6782 
.4608 to .6434 
.4658 to .6270 
-
I 
.4411 to .6061 
.4340 to .6268 
.4475 t o .6394 
.4597 ·:o .6296 
-
CORNEAL THICKNESS WITH CAB LENS WEAR 
I 
' Mean S .• D. Range 
CENTRAL CORNEA 
Baseline .5123 ' ' .. 0347 •4433 c:o .5843 
Hour 1 . .5185 .0382 .4608 .5803 \CO 
Hour 2 .5229 .0435 .4509 ~::o .5980 
Hour 3 . 5208 .0362 .4572 :;o . 5871 ' 
I I 
I I. 
' . I 
'Overall thickness 
change 1.66% 
' 
I 
t -tes t baseline to I 
hour 3 significant t<.050 ' 
' 
' 
- · 
· ~ASAL CORNEA 
I 
Baseline .5374 .0362 .4786 '•CO .6083 
Hour 1 .5391 .0421 .4520 '.:to .6175 
Hour 2 .5384 .0370 I .4476 ~ :o o6l32 
Hour 3 .. 5366 .. 0412 .4558 to .6226 
' 
Overall thickness 
I 
change -0.15% 
f 
:t-test baseline to 
Jtour 3 not significant t>O .. l 
I 
rtEMPORAL CORNEA 
' Baseline .5208 .0426 .4413 ·,to .6142 
i 
Hour 1 .5229 .0395 .4371 ;:o .5924 
Hour 2 .5214 .0425 .4509 ·;:o .5997 
I 
Hour 3 .5222 .0417 .4449 ·:co .5988 
Qverall thickness 
change 0.26% 
' t-test baseline to 
hour 3 not significant t>O.l I 
TABLE 2 
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Individual Percentage Change In Corneal Thickness Between Baueline & Hour 3 
I 
I 
. 
tclNTRAL CORNEA NASAL CORNEA 'n!Mi ORAL CORNEA 
PATIENT PHMA CAB PMMA CAB ~A CAB 
i 1. J.C. 1.0 -0.5 -1.7 6.2 3 . 2 -3.2 
2. J.C. 10.5 - 2.2 -2.5 4.0 3.9 0.2 
3. K.M. 5.6 5.3 -13. 3 -1.6 0 .. 1 2.5 
. 
4. K.M. 8.4 6.7 6.1 3.8 -3.0 3.4 
. 5. c.c. 9.5 - 1.0 : Ll -8.5 4.6 -4.9 l 
6. c.c. 8.0 -2.5 4.0 -3c3 6.5 -8.3 
7. B.J. -1.5 -1.2 -2.5 -2.0 5.2 -14.9 
a. B.J . 26.4 2.7 7.1 -5.3 6.8 -7.3 
9. R.B. 10.4 2.9 
' 
3.9 -0.5 
I 
1.9 0.4 
10. R.B. 7.8 -0.5 0.7 -2.2 4.6 -·0.2 
JL D.C. ! 3.8 {).8 4.5. - 2.2 6.2 0.9 I 12. D.C. 7.1 3.2 2.9 0.8 6.9 4.0 
13. B.B. 3.5 . 1.2 1.6 -2.1 -0.9 2.4 
14. B.B. 4.4 - 0.6 1.9 o.o 3.9 1.4 
15. D.G. 3.7 -5.9 -10.3 -5.0 -0.8 -0.7 
16. D.G. 4.4 3.1 I 9.2 -1.1 10.1 0.8 17. e.G. 10.7 2.8 -7.8 3.7 16.4 6.4 
18. e.G. 20.6 6.5 'I 11.6 12 . 8 7;.1 8.0 
19. K.I. 9.4 7.3 I -15.5 7.5 19.0 9.,3 i 
I 20. K.I. 10.7 1.6 I 9.0 4.3 10.5 8.8 21. S.C. 12.8 -1.3 I 6.2 -1.7 14.5 -10 . 4 
l i 22. S.C. 15.4 0.9 i 1.4 -1.2 I 9.2 -·1.3 
23. J.L. I 0.7 -1.7 1 9.6 -·6.5 I 12.7 098 24. J.L. I 3.4 1.7 I 8.1 0.5 I 8. 7 2.9 25. F.F. 3.1 0 . 1 I 4.4 -2.4 I 7.5 -0.5 26. F.F. 1.4 1.5 ! -0.3 -2.9 10.7 6.3 
Mean % I I i Change 7.52 1.66 1.45 -0.15 6.;8 0.26 ! ~ I 
t-test for I sigrdficant I not significant I si~ificant i I difference t <.005 
! 
t.>O .1 t<. 005 
between PMMA 
and CAB % i 
I 
TABLE 3 
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